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Abstract 
In recent decades, it has become usual to save each year at least one natural disaster causing socio-economic and environmental 
crises. 
The geographic diversity, the different compositions of Algerian society and the lack of modern methods to cope with disaster risks, 
which make the task of crisis management more difficult and more complex. 
The objective of this study is to propose a model, helps to stabilize a base for sustainable development, by stimulating resilience 
and response capacity of the community to the risks. It is an informational and organizational tool based on the characterization of 
risks, taking into account the hazard and vulnerability. 
Therefore, a qualitative and quantitative analysis is required to identify and assess the risks in order to develop appropriate response 
plans. 
The proposed model integrates two systems; Geographic Information System (GIS) and the DataBase Management System 
(DBMS). This one provides the public with a real and concrete transmission of information. In addition, it ensures the optimal 
management of resources, by an intensive and efficient insertion of society in different plans. Finally, this model contributes to get 
a good management of risks and their consequences. 
 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of the TerraGreen Academy. 
 
Key words: Risk, crisis, model, hazard, vulnerability, sustainable development; 
1. Introduction 
Like all other countries, Algeria has not escaped the various catastrophic repercussions of natural hazards. Algeria 
has known in recent times, an important growth in the advent of natural disasters. There is no year passes without 
recording of catastrophic events, and the overall cost of the damage has increased substantially. Today, climate change 
is remarkable without recourse to statistics. Various phenomena are recorded: extreme temperatures, disturbances in 
the time and amount of precipitation, floods, and earthquakes. 
Despite the rare event of disastrous natural phenomena, they cause loss of life, major damage and unacceptable 
environmental disturbances. The most recent of such violent disasters are: the meteorological hazard of 9 and 10 
November 2001 causes significant human damage near 781 dead, 115 missing and about 3,271 building materials 
damaged or destroyed [1]. The overall cost of the disaster was estimated by 5 billion Dinars. The Boumerdes 
earthquake (Zemmouri), on 21 May 2003 with a magnitude of 6.8, which resulted about 2400 casualties, 10000 injured 
and more than 200,000 homeless [2]. 
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Following each event, several actions and decisions are taken by the government and much research is undertaken. 
Generally, these decisions and researches tend to mitigate disastrous phenomena, eliminating its adverse consequences, 
reduce vulnerability to risks, change the rules and practices of land use, implement building standards, predict intensity 
of phenomena, organizing relief and indemnify victims. Taking into account all these modest efforts, once the crisis 
passes, we forget it until another crisis occurs, and no methodology is developed to allow a better management of 
disaster risks and forming a society more resilient to future catastrophic events. 
The purpose of this paper is to develop a model helps to manage the natural disasters risk and the installation of a 
basis for sustainable development in Algeria. 
The animation of the skill and ability of the population for a good contribution to risk management requires the use 
of spatial tools that represent reality. Therefore, multiple systems should be integrated in the proposed model to 
elaborate its database. 
2. The reaction of the Algerian society to natural crises. 
The north of Algeria is the region most affected by natural disasters, it is subject to higher degree of seismic 
because, it is located on the border of the tectonic plates Africa and Eurasia. In addition, this region enjoys a 
Mediterranean climate quite humid and characterized by torrential rains, which do not endure too long but often cause 
severe flooding. The Sahara is characterized by an arid and dry climate. The annual rainfall is irregular, generally does 
not exceed 150 mm. In these climatic conditions, cities are concentrated in the edges of the valleys for using as a 
source of irrigation. Unfortunately, in some areas, the population is more vulnerable to severe flooding caused by 
torrential floods. 
In this context, it is worth noting that nearly. also 91% of the population lives on the area of country less than 13%, 
mainly in the coastal strip north of the country. 9% of the remaining population lives on 87% of the territory where the 
distances between cities are very important [3]. 
According to the UNDP global report on disaster risk reduction, we take an example in this study, a case of three 
countries shown in Table 1. 
From Table 1, it appears that China and Philippines have the high average incident per year and the high average 
physical exposure but the number of dead per year is very low. Consequently, the relative vulnerability is very small. 
Therefore, it is concluded that the damage caused by disasters can be mastered and that these countries were putting 
effective mechanisms for crisis management. 
Table 1. Relative vulnerability 
Hasards Countries Average number of 
events per year 
(Event 
per year) 
Average physical 
exposure per year 
(People 
per year) 
Number of people 
killed per 
Year (Killed 
per Year) 
Relative 
Vulnerability 
(Killed per 
million exposed) 
Earthquakes 
(1980-2000) 
Algeria 
China 
Philippines 
0.38 
2.10 
0.57 
1 252 109 
3 493 705 
16 228 511 
137.19 
92.24 
120.57 
109.57 
26.40 
7.43 
Floods 
(1980-2000) 
Algeria 
China 
Philippines 
0.71 
5.57 
1.76 
741 412 
103 804 314 
9 301 763 
13.33 
1 490.57 
75.71 
67.27 
14.36 
8.14 
 
During crises, managers are responsible for managing extreme situations related to a significant environmental 
space, and therefore the treatment of large amounts of data. To date, crisis management is led by classical methods 
based on post-disaster assessment. The managers are not equipped with tools for spatial modeling of the environment 
such as GIS [5], [6], [7], [8], [9] and support systems for decision-making [10], [11]. In addition, some deficits have 
been recorded in the assessment strategies of pre-disaster hazards, vulnerabilities, means of locate the areas probably 
subjected to natural hazards, their degrees of severity [12], [13], persons likely to be affected precarious by these 
hazards and to estimate and analyze the possible failures that can destroy an urban system vulnerable and exposed to 
natural hazards. [14] 
Each time an event that occurs, the losses recorded are significant, response and coordination in site are low, the 
intervention time is quite long and the priority targets are poorly defined and identified. 
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However, the lack of the contribution of society in organizing relief makes the situation conducive to the collapse 
[15] and therefore, the effects of these disasters may last long periods [16]. 
The consequences of disasters should be handled with wisdom and as soon as possible [17]. Therefore, the 
retroactive discipline of crisis management taken after the occurrence of an event is undesirable. Risk management, in 
contrast to crisis management is a proactive discipline, it based on the experience of previous crises and events to take 
the necessary and appropriate precautions to the current physical situation [18]. 
3. Towards risk management as a starting point 
A critical point to be noted in risk assessment is that even a high magnitude hazard event poses no risk when it 
occurs in the absence of a vulnerable population. Conversely, a vulnerable population (– such as one that lacks access 
to protective resources –) experiences no risk if there is not a probability of a hazard event occurring in their presence. 
Based on this definition, risk can only be assessed by considering the intersection of the biophysical and social 
dimensions of risk in particular places [19], [20], [21]. This relationship can be represented in the form of the pseudo-
equation: "Risk = Hazard x Vulnerability" [21].  
The community response to disastrous events, the period of return to normal life and the quality of the restoration of 
society and their property against future hazard, vary from one community to another. These activities reflect the 
response capacity of each community to risks [22].  
Therefore, the better the coping capacity of a society, the more the risk can be attenuated.  This observable fact can 
be presented in the following pseudo-equation:  "Risk = [x Hazard Vulnerability] / response capacity" [23]. 
If each individual of the population regularly respects and follows laws, decisions, policies and requirements 
requested by the government, it will result in a good response capacity. This level of adaptation can’t be achieved 
spontaneously, but it is the result of risk management. 
In the literature, there are several definitions of "risk management" and "resilience." In this study we will give a 
proposed definition of both terms. 
Risk management is defined as a systematic process performed by state agencies, including the procedures for 
identification, assessment, treatment of risks as well as informing the public in order to be able to confront the 
disastrous emergencies (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Crisis management and risk management 
 
Resilience can be defined as the collective success of the government and its public to face major risks, and 
therefore success in sustainable development. 
Risk management is the responsibility of the entire population because disasters do not differentiate between 
managers and citizens. In reality, the crisis managers and all the staff are citizens, they are also likely to be affected by 
disasters. Therefore, their absence should not affect the optimal regime of the community against risks. 
Following the chronological order, the different tasks of risk management can be divided in three phases: "pre-
crisis", "during the crisis" and "post-crisis" [24]. 
The body (crisis or emergency management centers) formed in phase "during the crisis" must extend their mission 
in the previous phase "before the crisis" within a body called "risk management center" . The center also includes 
social organizations, volunteers and neighborhood committees to improve the interaction between organisms-center 
and community-center. 
The preparation, prevention and protection, relating to the first phase can lead to significant benefits in the socio-
economic and environmental [25] 
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4. Presentation of the model 
The proposed model is a prototype for local authorities and the community. It is developed in the context of risk 
management and improving the community resilience, to deal with natural disasters. It aims to maintain the body 
structure of crisis management "Algerian Rescue Organization (ORSEC)" and to consolidate it by the intense 
incorporation of the company in different phases (short and long term) of risks management and regional planning. 
The initial idea of the model is to envelop and then absorb the volume of data, facilitates the interpretation of this 
information, aids decision making, informs and guides the public. 
In fact, without the use of GIS, decision making is hesitated the point where it seems wrong, lack of wisdom and 
precision and can be taken too late [10], [11]. 
The proposed model is the coupling of the GIS software (MapInfo) and a database management system (DBMS), 
which is developed in Delphi language. The aim of the model is to gather the methods and the structure of key 
agencies, which participate in risk management in Algeria (Agencies of the Algerian Organization of Rescue 
“OR.SEC”) and to operate as a GIS interface. Other software may be added, such as Matlab software for digital 
calculated and toolbox internet. 
The database of the model consists of many sub-databases for different types of risks; Flood, Earthquake, and 
Landslide risks Databases (D.B). Each of these databases includes a structure, an operation and a procedure, which are 
optimized appropriately, according to the characteristics of each type of risk [26]. Relevant information for each type 
of hazard are standardized to facilitate the task of data collection as well as the coupling between the different layers of 
spatial information. 
The proposed model is an operational and organizational tool for needs more information: environmental data, 
socio-economic, physical, technical and statistical. First, it requires dividing the city into manageable operational 
areas. A multidisciplinary team is designated for each sector comprising: experts, representatives of organizations 
response (center of risk management), partners, neighborhood committees etc. The mission of this team is the 
management of risk from the phase of data collection until the recovery phase. 
Spatial analysis treated by this model is based on the good characterization of all buildings and facilities of the city, 
each one in their area. An identity card of each building must be well informed. The main information is: exposure to 
the hazard studies, physical vulnerability, technical data, usage and nature of operations, occupants people, 
environment and vicinity. 
5. Discussion and expected results 
5.1. The risk assessment 
The concept of risk assessment constitutes effectively the key concept of the results achieved by this model. The 
risk map relating to each type of risk in a given area is developed simply by combining the hazard map and 
vulnerability map. This map has five degrees of severity. See fig 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Risk map for human interests. 
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The estimation of the hazard level is achieved directly from the coupling of the occurrence maps and the intensity 
maps. 
The vulnerability analysis is a process, which addresses the understanding of the types and the levels of the 
exposure, of the population (people), the property and the environment (human interests), to the risks at a particular 
time. Therefore, there are two aspects, which have to be analyzed in the vulnerability analysis process; the physical 
vulnerability of human interests and the vulnerability of the population. 
The evaluation of the physical vulnerability of buildings and facilities is done in a straightforward manner based on 
the work of technical expertise (soil type, type of construction, materials used, age and geometry of the structure, 
design standards used, the residual risks, failure mode, etc.) to assess potential impacts on property, people and the 
environment caused by the hazard and its repercussions. 
For against, the vulnerability of the population is determined from the coupling of the population density map and 
the population sensitivity map. 
The population density changes over time, and this change is due to the diversity of human activities. it is necessary 
to consider the time factor in the development of the population density map. Moreover, the participation of the 
neighborhood committee in collaboration with the multidisciplinary team designated for each sector can enhance the 
data concerning the population density in terms of locating people in different times and days of the week. In addition, 
the public education eases the identification of their locations via the extra-net networks, and hence improves the 
accuracy of the population density map. Therefore, three maps of population density are elaborated by the model: the 
density of the population during the hours of work, outside the working hours and during weekends. 
The population sensitivity map is determined from the coupling of the vulnerability map of human interests and the 
social map. This social map is established from data based on the social conditions of the population that are 
determined according to the socio-economic data and the type of people occupying the building particularly dependent 
populations: children, elderly, infirm and disabled. It specifies the location of the most vulnerable people that are living 
in precarious environments. 
The model facilitates the task of transformation and spatialization of data at maps easy to manage, containing 
varying degrees of severity, which are classified of three to five levels. These degrees of severity are deducted 
according to predefined criteria in the rating scale. The model also treats the coupling between the different maps 
according to the combinations identified in the coupling matrices. 
Structuring of mitigation measures through risk maps 
Risk mitigation is the result of several strategies and actions, some of which seek to maintain buildings, facilities, 
while others aim to plan and organize educational programs to promote public awareness and perception.  
The exploitation of the risk map leads to detect the lack in protective structures and basic equipment and 
infrastructures which provided acceptable social life such as health centers, educational centers, public facilities and 
recreational spaces. 
Land-use planning is a very effective conservative approach leads to reduce losses and mitigate the effects of 
disasters, because it imposes conditions of land-use by avoiding the construction of some installations in hazardous 
areas in order to reduce their exposure to risks and consolidate the optimal planning of urban development. 
A regulatory zoning plan can be easily done by this model, indicating the building land, lands not buildable, 
building land with conditions, industrial and agricultural lands. See Fig3. 
The regulatory zoning map allows control the urban development that adapts to existing risks, and provides a more 
secure environment for the population. It helps to avoid the extension of city to areas with high risk. 
Database model, including: hazard maps, vulnerability, risk and regulatory zoning provides managers with the 
ability to performed technical-economic analyzes in order to make the best decisions relating to reinforcement and 
rehabilitation of different existing buildings and future occupations lands. In addition, other information may be 
suitably attach to each region of zoning regulations, such as the secondary risks, the repercussions probable hazards, 
standards and technical recommendations. 
The accessibility of public users to the database via the internet network increases the level of public conscious. It 
helps to have a more attentive population, well informed and appreciated on the risks that surrounded, their impact as 
well as prevention, protection, preparedness, response and recovery which must be taken to minimize the damage. 
In this way, the model serves as a communication system between agencies and public. It can also be easily 
integrated into educational programs to form public more vigilant, helps to reduce its vulnerability, meets the 
requirements and standards of the regional planning, capable to undertake personal preparedness measures, and ensure 
flexible response to various disasters. 
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Fig. 3. Zoning plan.  
 
Rapid response and awake of emergency cells in real time was recorded good results in terms of rescue of victims. 
Therefore, the sensible forecasts and predictions offer a period of time to evacuate people and reduce the 
consequences. Thus the prediction strategies aim to anticipate the occurrence of foreseeable natural phenomena in 
order to alert the population to undertake the necessary measures to mitigate damage. 
To this date, the lack of real-time information on period, places, scales, and intensity of some natural events make 
the  prediction empirical task based on several searches: statistical studies, analyzes qualitative and quantitative, 
socioeconomic studies and various technical studies. 
Despite the effectiveness of spatial models in forecasting and prediction of hazards is limited, they have a good 
contribution in the stabilization of data base that helps further researches. 
Preparation 
Practically, it is impossible to construct buildings and facilities comprise a zero risk. When it is considered that the 
consequences can be beyond the capacity of technical and financial protection, it is necessary that devices and 
intervention measures are already prepared. Preparation includes all necessary steps to be ready to cope with the 
effects of a disaster and to anticipate what will be good to do in a given crisis. These actions are intended to preserve 
lives, reduce damage, and support the sustainable development of the community and to control sudden hazards on the 
site. [27] 
Scenarios of possible incidents for different levels must be developed by multidisciplinary teams. it is based on the 
deduction of the effects of hazard on human property to target appropriate intervention procedures. 
The resource management is a very essential stage in the emergency planning. The planning agencies have to 
manage all available resources (human or material, belonging to governmental, voluntary or private sectors), in order 
to ensure effective allocation and distribution of participating agencies, and ensure optimal use of all materials and 
facilities in case of a disaster. 
This resource management allows the various organizations to request to provide or use of resources according to 
priorities to support emergency operations. 
In this context, the model provides a good inventory of resources, their location as well as other information 
relevant to each type of resource. It facilitates the task of locating resources, control, accelerate their mobilization in 
case of need, to update their data in real time. Citing as an example, the selection of the multidisciplinary team for each 
sector, the choice of manager and participant, users of the equipment is more easily done in a way that the employer 
lives closest possible to the intervention area. In this way, each employer can contribute more effectively in its 
neighborhood. It can execute periodic simulations plans in collaboration with the population as well as up-to-day 
appropriate. 
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In addition, a procedure for spatial planning of emergencies is integrated in the model. Based on different spatial 
maps previously developed, decisions, policies and actions of intervention scenarios for emergency plans must be 
made. In this planning section, the model provides the procedures for the development of organizational structure, the 
selection of leaders and participants, the designation of tasks assigned to each employer and the procedures for 
implementing strategies taken and the means of internal and external communication etc. 
Order to better share resources and optimize interventions especially for scenarios where it is estimated that the 
magnitude of the event is important, exceeds local capacity, intervention services needs the assistance of regional 
partners and sometimes national. The exchange of information and collaboration between partners are necessary to 
control the situation. 
Accessibility to the database using the Internet network can contribute to this objective. It aims to facilitate the flow 
of information between the coordinators and partners. It allows each employer to designate a coordinator or partners 
from other regions that help him by any kind of need and take part of the emergency plan in order to predict what it 
will be useful to do in case of necessity. They have the opportunity to inform partners of objectives, their roles and 
responsibilities in a clear manner; given that all the information in the database can be accessed (different maps, site 
features, images, video, contact employers, means of communication, the possible scenarios and response plans). 
This way of information sharing and exchange of expertise between the elements of state organizations has a 
significant advantage over the regime of crisis management, but a universal strategy is highly profitable that providing 
the integration of population in all plans of intervention and the generalization of the procedure of risk management 
even to public. 
6. Conclusion 
Natural disasters have become more frequent, diverse, and complex paralyzing sustainable community 
development, and therefore they are difficult to manage. Their impact can last a long time requiring a global response 
capacity of relief organizations and the community. Therefore, this study aims to find the guidelines for the 
management of crises, in order to propose a methodology to support risk management. 
The proposed approach seeks to characterize the deficits and shortcomings recorded in the relief operations, in order 
to develop appropriate solutions. This approach is based primarily on strengthening emergency organizations, by 
proposing a generic model designed to be adaptable to different types of risks. It is designed to unify all of its 
organizations, improving linkages and coherence between them. 
Adaptability community towards extreme emergencies reflects the ability of proactive strategies of anticipation, 
which are undertaken by the government. 
In summary, in this article, we developed a generic model for environmental risk management in Algeria. This 
model aims to review the existing regime of disaster management and support sustainable development. This model 
identifies, classifies and treats all information necessary for risk management. It also allows analyzing the risks, 
vulnerabilities, availability of resources and awareness. Therefore implement measures optimal risk management. In 
addition, it facilitates access to various data for policy makers, employers and the public. This is desirable to boost 
community resilience. Sharing and exchange of information on disaster prevention activities, disaster mitigation and 
emergency planning via the internet network supports social links and the notion of partnership. 
Further research is needed. It will be the aim of other works in future, because the validation of the model needs a 
lot of data from different fields related to several organism of state. 
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